Background and objectives: Primary hyperparathyroidism (PHPT) is associated with increased cardiovascular mortality and morbidity. Little is known about hemostatic features of patients with PHPT. To our knowledge, plasma tissue factor pathway inhibitor (TFPI) and thrombin-activatable fibrinolysis inhibitor (TAFI) levels in these patints have not been investigated. Therefore, the main purpose of this study was to evaluate the markers of endogenous coagulation/fibrinolysis, including TFPI and TAFI, and to investigate the relationships between serum calcium and PTH and these hemostatic parameters in patients with PHPT. Design and methods: Twenty-four patients with PHPT and 20 age-, sex-, and-weight-matched healthy controls were included in the study. Tissue plasminogen activator (t-PA), tissue plasminogen activator inhibitor-1 (PAI-1), TFPI, and TAFI were measured. The relationships between serum calcium, phosphorus, and PTH and these hemostatic parameters were examinated. Results: Compared with the control subjects, t-PA, PAI-1, and PAI-1/t-PA ratios were significantly increased in patients with PHPT (P!0.0001), whereas TFPI levels were significantly decreased (P!0.0001). Plasma TAFI Ag levels did not significantly change in patients with PHPT compared with the controls. In patients with PHPT, serum phosphorus was negatively correlated with plasma PAI-1 Ag levels and PAI-1/t-PA ratio (r: K0.453, P!0.05; r: K0.580, P!0.01 respectively). There was a positive correlation between Cl/P ratio and plasma PAI-1 levels and PAI-1/t-PA ratio (r: 0.434, P!0.05; r: 0.528, P!0.05 respectively). iPTH was positively correlated with plasma PAI-1/t-PA ratio (r: 0.429, P!0.05). Interpretation and conclusions: In conclusion, we found some important differences in the hemostatic parameters between the patients with PHPT and healthy controls. Increased PAI-1, PAI-1/t-PA ratios and decreased TFPI levels in these patients represent a potential hypercoagulable and hypofibrinolytic state, which might augment the risk for atherosclerotic and atherothrombotic complications. This condition may contribute to the excess mortality due to cardiovascular disease seen in patients with PHPT.
Introduction
Primary hyperparathyroidism (PHPT) has been associated with increased cardiovascular mortality and morbidity rate (1) (2) (3) . The causes of increased cardiovascular risk associated with PHPT are systemic arterial hypertension (4) , left ventricular hypertrophy (5), valvular and myocardial calcification (6) , dysfunction in vascular reactivity (7, 8) , vascular structural changes (9) , arrhythmias (10) , impaired glucose metabolism (11, 12) , dyslipidemia (13) , and increased body mass index (14) . Very recently, changes in coagulation and fibrinolytic systems have been reported in patients PHPT, which might also have a role in the pathogenesis of cardiovascular disease (CVD) in this disease (12, 15) .
High serum calcium and PTH levels may have harmful effects on the cardiovascular system and are known to be correlated with the risk of premature cardiovascular death (16, 17) . Serum calcium levels have been demonstrated to be an independent predictor of mortality even within the reference ranges (18) . In addition, Kamycheva et al. reported that serum PTH predicts coronary heart disease in subjects with calcium levels within the reference range (17) . However, the exact role of PTH and/or calcium in the development of CVD is still controversial (19, 20) .
High levels of serum calcium and circulating PTH increase plasma clotting factors and impair fibrinolytic capacity (decreased fibrinolytic activity) (5, 21, 22) . Increased platelet count and coagulation factors, including factors VII (FVII) and X (FX), D-dimer, and plasminogen activator inhibitor-1 (PAI-1) are reported in the patients with PHPT (12, 15) . It has been suggested that because of these alterations in the coagulation and fibrinolysis, patients with PHPT have a tendency toward hypercoagulability (12, 15) .
The thrombin-activatable fibrinolysis inhibitor (TAFI), an enzyme that may act as a link between coagulation and fibrinolysis, inhibits fibrinolysis by removing carboxyterminal residues from partially degraded fibrin, thus decreasing plasminogen binding on the surface of fibrin (23, 24) . Increased TAFI levels have been associated with several thrombotic conditions like venous thromboembolism (25, 26) and ischemic stroke (27, 28) . Tissue factor pathway inhibitor (TFPI) is secreted by the endothelium and stored in platelets (29) . TFPI binds directly and inhibits the earliest steps in extrinsic pathway activation by binding factor Xa (which involved in the activation of prothrombin to thrombin) and tissue factor (TF)/factor VIIa complexes in an inactive quaternary complex (30) . Low plasma TFPI levels have been reported in patients with ischemic stroke (31), thrombotic thrombocytopenic purpura (32) , and in women taking combined oral contraceptives (33) .
Although some studies indicate that coagulation and fibrinolytic system are disturbed in the patients with PHPT, the levels of plasma TAFI antigen and TFPI have not been investigated in patients with PHPT. Therefore, in a case-control study, we determined the profile of coagulation and fibrinolytic parameters including TAFI and TFPI in patients with symptomatic PHPT. We also investigated the relationships serum calcium and PTH levels and hemostatic parameters in these patients. A hypercoagulable state might increase the risk for thromboembolic complications and predispose to an increased prevalence of vascular disease.
Design and methods

Patients and study design
The study was performed at Karadeniz Technical University Medical Faculty, Department of Internal Medicine. We evaluated 24 untreated patients with classic symptomatic PHPT (20 women and 4 men; mean age, 51.3G12.1 years). Those patients admitted from other hospitals in Trabzon city and surrounding cities to our clinic to investigate etiology of hypercalcemia and/or those directly admitted to our clinic with symptoms of PHPT were included in the study.
The diagnosis of PHPT was based on clinical assessment and biochemical findings with a combination of hypercalcemia (serum calciumO10.5 mg/dl) and elevated intact PTH levels (iPTHO69 pg/ml) supported by other laboratory findings, such as hypophosphatemia (serum phosphorus!2.7 mg/dl), increased alkaline phosphatase, increased urinary calcium and phosphate excretions (UCE and UPE respectively), and decreased tubular reabsorption of phosphate. Etiology of PHPT was solitary parathyroid adenomas in 20 cases and primary hyperplasia of the parathyroids in four cases.
Patients neither received any medical treatments (e.g. estrogen therapy) nor had any known diseases (e.g. diabetes mellitus, thyroid dysfunction, coronary heart disease, collagen disease, liver cirrhosis, atrial fibrillation, or renal disease), which might affect blood coagulation or fibrinolysis at the time of the study, were not included to the study. At diagnosis, the patients with risk factors for coagulation and thromboembolism including known cancer, pregnancy, known thrombophilia, recent childbirth, and use of oral contraceptives were excluded from patient group. Twenty healthy ageand sex-matched subjects (17 women and 3 men, mean age 48.8G10.4 years) were used as controls. Their biochemical values were within normal ranges. None of the controls were taking any drugs affecting the levels of serum cortisol and hemostatic parameters. All participants including patients and control subjects were non-smokers, and there was neither minor illness (e.g. viral infections) nor family history of clotting disorders in either the patients or the control subjects.
Laboratory analysis
Blood was collected in the morning between 0800 and 0900 h after an overnight fast to avoid the differences of diurnal variation, especially for hemostatic parameters. The concentration of intact PTH in the plasma was determined using commercial two-side chemiluminescent enzyme-labeled immunometric assay (Immulite 2000 PTH, DPC, Los Angeles, CA, 90045-6900, USA). Intra and interassay coefficients of variation (cv) were 4.3% (at 258 pg/ml) and 8.8% (at 387 pg/ml) respectively. Detection limit is 3-2500 pg/ml (0.3-263 pmol/l). Normal ranges of biochemical parameters were 8.5-10.5 mg/dl for serum calcium, 2.7-4.5 mg/dl for serum phosphate, 0.5-1.2 mg/dl (44.2-106.1 mmol/l) for serum creatinine, and 12-69 pg/ml for plasma iPTH concentration. Routine analyses were carried out by autoanalyzer (Technicon Axon, Tarrytown, USA).
For coagulation and fibrinolysis, a venous blood sample (9 vol) was collected into vacutainer tubes (Becton Dickinson, Mountain View, CA, USA) containing 0.129 mol/l trisodium citrate (1 vol). Platelet-poor plasma was obtained by centrifugation at 3500g at 10 8C for 20 min. Aliquots of plasma were transferred into plastic tubes without delay and frozen at K80 8C until assays for determination of t-PA and PAI-1. T-PA, PAI-1, TAFI Ag, and TFPI assays were performed by ELISA using commercial kits of American Diagnostica. According to our hematology laboratory, normal ranges are 1-20 ng/ml for t-PA Ag, 20-44 ng/ml for PAI-1 Ag, 40-250% for TAFI, and 75-120 ng/ml for TFPI Ag.
Statistical analysis
Statistical analyses were performed by Student's t-test for normal distribution data and Mann-Whitney U-test for not normal distribution data. In patient group, correlations among biochemical parameters and iPTH and coagulation were carried out using Pearson (normal distribution data) and Spearman (not normal distribution data) correlation analysis. Results are cited as meanGS.D. P!0.05 was accepted as statistically significant. Table 1 summarizes the clinical characteristics and laboratory parameters in patients with PHPT and control subjects. As expected, the mean serum calcium, chloride-to-phosphorus ratio (Cl/P ratio), and iPTH levels were significantly higher in the patient group than those in controls, whereas serum phosphorus levels were significantly decreased.
Results
Compared with the control subjects, t-PA, PAI-1, and PAI-1/t-PA ratios were significantly increased in patients with PHPT (P!0.0001), whereas TFPI levels were significantly decreased (P!0.0001). Plasma TAFI Ag levels did not significantly change in patients with PHPT compared with the controls. The other coagulation/fibrinolysis parameters in patients with PHPT were not different from the controls. Moreover, the levels of parameters of patients with parathyroid hyperplasia were not found to be different from those of patients with solitary parathyroid adenoma.
In patients with PHPT, serum phosphorus was negatively correlated with plasma PAI-1 Ag levels and PAI-1/t-PA ratio (r: K0.453, P!0.05; r: K0.580, P!0.01 respectively; Figs 1 and 2 ). There was a positive correlation between Cl/P ratio and plasma PAI-1 levels and PAI-1/t-PA ratio (r: 0.434, P!0.05; r: 0.528, P!0.05 respectively; Figs 3 and 4) . iPTH was positively correlated with plasma PAI-1/t-PA ratio (r: 0.429, P!0.05; Fig. 5 ). We did not find any significant correlation between iPTH and serum calcium and the hemostatic parameters that we measured.
Discussion
The role of PHPT in heart disease is still controversial (3, 6) . However, patients with PHPT seem to have an increase in morbidity and mortality. This condition is mainly due to cardiovascular death (2, 3) . PHPT is associated with hypertension, coronary heart disease, and other CVDs (7, 15, 17) . There are only two studies to evaluate the hemostatic parameters in patients with PHPT (12, 15) . In our previous study, we reported that increased platelet count, FVII and FX activities, and D-dimer levels in patients with PHPT represent a potential hypercoagulable state, which might augment the risk for atherosclerotic and atherothrombotic complications (15) .
T-PA produced by vascular endothelial cells converts plasminogen to plasmin, which degrades fibrin (34) . Epidemiological studies have shown that plasma t-PA levels positively predict future coronary events in the patients with ischemic heart disease and in a healthy male population (35, 36) . On the other hand, endothelial cells also produce PAI-1 (37) . It has been shown that PAI-1, the main inhibitor of the fibrinolytic system, and fibrinogen are both associated with coronary heart disease (38) . At present, there are no compelling epidemiological studies that define PAI-1 as a clear risk factor for arterial thrombotic complications (39) . However, the association of hemostatic variables with CVD risk factors and prevalent CVD was investigated in the prospective cohort PRIME study of myocardial infarction in men aged 50-59 years (40, 41) . In this study, it was reported that the statistically significant (P!0.001) CVD odds ratio for one standard deviation in PAI-1 was 1.38 (CI 1.27-1.49) (40, 41) .
On the basis of intensive investigations, the t-PA/PAI-1 system has been viewed as a potential control point of fibrinolysis. Hypofibrinolysis is characterized by increased PAI activity and decreased t-PA (40). Chertok-Shacham et al. reported that elevated PAI-1 levels in symptomatic patients with PHPT may imply that hypercoagulability may be involved in the pathogenesis of CVD in these patients (12) . In the present study, we found a significant increase in PAI-1 levels in patients with PHPT. This result is consistent with the results by Chertok-Shacham et al. (12) . Moreover, in the present study, PAI-1 was negatively correlated with serum phosphorus levels and positively correlated with Cl/P ratio. In addition, there was a positive correlation between iPTH and PAI-1/t-PA ratios. In our study, increased PAI-1 levels in patients with PHPT may be the tendency to thromboembolic events by lowering fibrinolytic activity. The mechanism of changes in plasma t-PA and PAI-1 remains unknown. However, it seems likely that iPTH may influence the synthesis and metabolism of t-PA and especially PAI-1 in the vascular endothelial cells. The increase in t-PA may be also a protective mechanism and/or compensatory response versus hypercoagulable state seen in PHPT. Our data also indicate that the balance between t-PA and PAI-1 is disturbed in favour of PAI-1 in patients with PHPT.
TFPI, a potent anticoagulant protein, inhibits the activity of the TF-factor VIIa catalytic complex that is involved in activation of IX to IXa and also directly inhibits FXa that activates blood coagulation (29, 42) . Both endothelial cells and platelets produce TFPI (42) . Low TFPI is a risk factor for a first venous thrombosis, recurrent venous thromboembolism, and stroke (31, 43, 44) . To our knowledge, plasma TFPI Ag levels have not been investigated in patients with PHPT. In the present study, we found a significant decrease in TFPI levels in patients with PHPT. Decreased TFPI levels in patients with PHPT may be the tendency to thrombosis and coagulation in these patients. However, we did not find an association between iPTH and serum calcium levels and TFPI levels in the correlation analysis.
TAFI, also known as procarboxypeptidase B, is a plasma zymogen that potently inhibits fibrinolysis (45, 46) . It protects the fibrin clots from breakdown by removing C-terminal lysine residues from partially degraded fibrin, which are necessary for t-PA-mediated plasmin regeneration (46) . Increased activation of TAFI might exacerbate a prothrombotic disposition. Increased plasma TAFI Ag levels were associated with a mild risk for venous thrombosis (25) . One study reported that patients with a recent myocardial infarction presented lower TAFI Ag values and that increased TAFI levels were actually protective against myocardial infarction (47) . On the other hand, high TAFI levels were reported to be associated with an increased risk of first ischemic stroke (27) . To our knowledge, this is the first study to evaluate TAFI Ag levels in patients with PHPT. In the present study, TAFI Ag levels did not change in our patients with PHPT.
In conclusion, we found some important differences in the hemostatic parameters between the patients with PHPT and healthy controls. Increased t-PA and PAI-1 and decreased TFPI levels in these patients represent a potential hypercoagulable and hypofibrinolytic state, which might augment the risk for atherosclerotic and atherothrombotic complications. This condition may contribute to the excess mortality due to CVD seen in patients with PHPT. However, our study comprised a small number of patients with PHPT. A larger number of patients should be included in a prospective study to explain the association between PHPT and TAFI.
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